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YDOXHV RI KLJK IUHTXHQF\ FRHIILFLHQWV DQG ORZ IUHTXHQF\ FRHIILFLHQWV ZHUH REWDLQHG E\ WKHPHWKRG RIPXOWLUHVROXWLRQ
ZDYHOHWGHFRPSRVLWLRQ$IWHUDQDO\VLVWRGDWDLWZDVIRXQGWKDWWKHHQHUJ\SDUDPHWHUYDOXHVRIWKHFUDFNHJJVDUHVPDOOHU
DQG WKH HQHUJ\ SDUDPHWHU YDOXHV RI WKH LQWDFW HJJV DUHELJ DQG UHODWLYH GLVSHUVLRQ ,Q RUGHU WR UHDOL]H QRQGHVWUXFWLYH








7KH QRQGHVWUXFWLYH GHWHFWLRQ PHWKRG RI WKH HJJ FUDFNV ZDV PDLQO\ RI EDVHG RQ WKH VLJQDO VSHFWUXP
FKDUDFWHULVWLFVRI WKH VRXQGSXOVH>@DQG WKHPDFKLQHYLVLRQDQG LPDJHSURFHVVLQJ>@ ,W VKRZHG WKDW WKH
IRUPHUPHWKRGZDVEHWWHU>@DFFRUGLQJWRWKHUHVXOWVRIKXJHDPRXQWVRIUHVHDUFKHV>@
$ VSHFLILF NQRFNLQJ GHWHFWLRQ GHYLFH ZDV GHVLJQHG WR GHWHFW WKH FUDFNV RI HJJV E\ WKH IUHTXHQF\
FKDUDFWHULVWLFV RI UHVSRQVH VLJQDOV7KH FRPPRQ NQRFNLQJPHWKRGV LQFOXGHG IL[HGSRLQW NQRFNLQJ GLIIHUHQW
SRLQWGHWHFWLQJ>@PXOWLSRLQWNQRFNLQJRQHSRLQWGHWHFWLQJ>@RQHSRLQWNQRFNLQJVDPHSRLQWGHWHFWLQJ
>@HWF7KURXJKWKHUHVHDUFKDERYHWKHUHVSRQVHVLJQDOVZHUHWUDQVIRUPHGLQWRIUHTXHQF\GRPDLQE\)RXULHU
WUDQVIRUP DQG WKH FKDUDFWHULVWLF SDUDPHWHUV RI VLJQDO IUHTXHQF\ GRPDLQ ZHUH H[WUDFWHG DV LQGH[ RI WKH
GHWHFWLRQRIFUDFNV
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7KH FRPPRQ FKDUDFWHULVWLF SDUDPHWHUV ZHUH IRUPDQW IUHTXHQF\ SRZHU VSHFWUXP DUHD DQG VLQJXODULW\
LQGLFDWRU7KH VLQJXODULW\ LQGLFDWRUZKLFKZDV H[WUDFWHGE\ WKHZDYHOHW WUDQVIRUP UHIOHFWHG VLJQDO LQWHQVLW\
DQGEDQGSRVLWLRQ
,Q WKLV SDSHU WKHPHWKRG RIPXOWLSRLQW NQRFNLQJ DQG VDPH SRLQW GHWHFWLQJ ZDV DGRSWHG$QG D GLSSHU
SHUFXVVLRQGHYLFHZDVVHOHFWHG7KH WHVWV LQGLFDWH WKDWPRUHVLJQDOVZHUHREWDLQHGLI ODUJHU IRUFHVZHUHXVHG






















)LJ D E F ZDV WKH WLPH GRPDLQ LPDJH RI NQRFNLQJ WKH HTXDWRULDO VLWH WKH WLPH GRPDLQ LPDJH RI
NQRFNLQJ WKH ELJ HQG WKH WLPH GRPDLQ LPDJH RI NQRFNLQJ WKH VPDOO HQG 7KH UHG OLQH UHSUHVHQWHG WKH
LQIRUPDWLRQRILQWDFWHJJVPHDQZKLOHWKHJUHHQOLQHUHSUHVHQWHGWKHLQIRUPDWLRQRIFUDFNHJJV








WWWINM: 5 NMI G ³ \ ҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏҏ
,Q WKLV IRUPXODEDVLF IXQFWLRQ




NM  \\ 
,Q WKLV IRUPXODˈM DQG N ZHUH LQWHJUDOV




ZHUH UHVROYHG E\ GE ZDYHOHW ,Q WKLV ZD\ WKH HQHUJ\ FKDUDFWHULVWLFV RI WKH VLJQDO LQ GLIIHUHQW ORFDOL]HG
IUHTXHQF\GRPDLQVFRXOGEHDFTXLUHGE\WKHGLIIHUHQWSDUDPHWHUVSRLQWVMNZDYHOHWWUDQVIRUP7KLVZDVWKH
GLIIHUHQFHEHWZHHQZDYHOHWWUDQVIRUPDQG)RXULHUWUDQVIRUP
7KHVHYHQOD\HUZDYHOHWGHFRPSRVLWLRQUHVSRQVH VLJQDORI WKHFUDFNHGHJJVOHIWDQG LQWDFWHJJVULJKW
ZKLFKVKRZHGLQILJZHUHVKRZHGLQILJ

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  WKH HQHUJ\ YDOXHV RI HDFK OHYHO ZHUH REWDLQHG 5HPHPEHUHG WKHP








































JUHDWHU WKDQ WKHHQHUJ\YDOXHVRI WKHEURNHQHJJVPDLQO\EXW WKHGLVWULEXWLRQRI WKHHQHUJ\ YDOXHVZDVQR
XQLIRUP 7KLV ZDV GXH WR ODUJH DUHD RI WKH HTXDWRULDO SDUW ODUJH UDGLXV RI FXUYDWXUH WKH FRPSOH[ HQHUJ\
GLVVLSDWLRQ PHWKRG ,I VRPH QXDQFHV RI WKH WDSSLQJ LQWHQVLW\ DQG VL]H RI HDFK HJJ ZDV LJQRUHG RQO\
FRQVLGHULQJWKHJRDOZKLFKZDVGLVWLQJXLVKLQJEHWZHHQEURNHQHJJVDQGLQWDFWHJJVWKHHQHUJ\GLVWULEXWLRQRI
HDFK OD\HU FRXOG EH XVHG WR GLVWLQJXLVK EHWZHHQ WKH HTXDWRU EURNHQ HJJV DQG LQWDFW HJJ VWDQGDUG:KHQ
WDSSLQJRIWKHELJHQGVHQHUJ\YDOXHVRIEURNHQHJJVZHUHJUHDWHUWKDQWKHLQWDFWHJJV¶ZKHQWDSSLQJVPDOO
KHDGV WKHHQHUJ\YDOXHVRI WKHEURNHQHJJVZHUH OHVV WKDQ WKHHQHUJ\ YDOXHVRI LQWDFW HJJV6R WKHHQHUJ\
GLVWULEXWLRQRIHDFKOD\HUFRXOGEHXVHGDVLGHQWLILFDWLRQLQGLFDWRUV
'LVFULPLQDWH0RGHODQG0HWKRG6HWWLQJ
,IPDQ\ SDUDPHWHUV H[LVWHG DQG LW ZDV KDUG WR MXGJH FRQWULEXWLRQ WR WKH LGHQWLILFDWLRQ UHVXOW D VSHFLDO
UHFRJQLWLRQIXQFWLRQVKRXOGEHJHWE\WKHPHDQVRIVWHSGLVWLQJXLVKDQDO\VLV




LM[ ˈ M  ˈ
ˈĂˈ S ˈ L  ˈˈĂˈ KQ ˈ K  ˈˈĂˈ . K PHDQW WKH VDPSOH EHORQJHG WR WKH W\SH K* ˈ
KQ PHDQW KQ VDPSOHVRI Q REVHUYHGYDOXHVEHORQJHGWR K* Ǆ
6RWKHWDVNRI%D\HVGLVFULPLQDWLRQZDVWKLV
$FFRUGLQJ WR WKH REVHUYHG YDOXHV
K
LM[ RI WKH Q VDPSOHV ZKLFK W\SH ZHUH NQRZQ FRXOG FDOFXODWHG WKH
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6R LI WKHUH ZDV DQ XQNQRZQ VDPSOH WKH YDULDEOH [ ˈ [ ˈĂˈ S[ VXEVWLWXWHG LQWR WKH IXQFWLRQVˈ
;\K FRXOGEHFDOFXODWHG
,I
PD[ ;\;\ KKK  ˈ ; ZDVVXSSRVHGWRWKHW\SH K* 
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$FFRUGLQJ WR WKH UHVXOWV RI VWHS  WKH HQHUJ\ YDOXHV RI HDFK OD\HU FRXOG EH FDOFXODWHG WKH\ ZHUH
(  (  (  (  (  (  (  ( 
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